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 Abstract
In order to test the effects of fermenting grains in liquid whey with citrus pomace and copper 
sulphate for 8 h at 30-400C, a control diet with 60% non-fermented corn (CON) and three diet with 
60, 57 and 57% of dry fermented wheat (DFW), barley (DFB) and oat (DFO), respectively were fed to 
1 day-old quails for 35 days in experiment 1, and fed to 21 day-old quails for 15 days in experiment 2. 
Experiment 1: in comparison to CON, birds fed on DFW had similar feed intake (FI), while produced 
significantly (P<0.05) high weight gain (WG), body weight (BW) and feed conversion ratio (FCR). Birds 
of DFB had similar BW and WG with the birds of CON, but had significantly (P<0.05) increased FI and 
worsened FCR in first two weeks. Birds of DFO had significantly (P<0.05) reduced FI, but with better FCR 
values. Birds on DFO had significantly (P<0.05) low BW and WG at day 7 and day 14, but hereafter they 
compensated for the depressed BW and WG, to be closer to that of CON birds. Experiment 2: birds fed 
on DFB and DFO decreased FI, BW and WG, but with similar FCR values, compared to birds on CON and 
DFW. Carcass yield and digestive tract development were influenced by fermentation. It was concluded 
that DFW, and partially DFB significantly (P<0.05) improved bird’s performance when fed from day 1, 
but no beneficial effects were observed when fed from 21 day old, and that dietary levels of fermented 
barley and oats must be set under 50%. 
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INTRODUCTION
High levels of cereal grains were shown to 
introduce appreciable amount of complex cell wall 
polysaccharides in bird’s digestive tract, which 
diminished nutrient digestion and assimilation 
and thereby depressed fattening performance 
of birds (Sivihus et al., 1996; Yasar and Forbes, 
1999).  It was earlier shown that wetting (Yasar 
and Forbes, 1999 and 2000) and fermenting the 
feed (Canibe et al., 2007; Engberg et al., 2009; 
Jørgensen et al., 2010; Uchewa and Onu 2012) 
may improve the nutritive value of wheat, barley 
and oats grain in poultry. Wetting feed in water 
(1:1 to 1:2, w/w) provided approximately a 10 h of 
partial fermentation (Yasar, 1998), during which 
wetting lowered feed pH, increased solubility of 
feed dry matter and crude protein and increased 
digesta pH (Yasar, 1998; Yasar and Forbes, 2001). 
The birds consumed a greater amount of wet feed, 
and significantly gained weight (Yasar and Forbes, 
1999 and 2000). Similarly feeding fermented feed 
in wet form significantly increased intestinal health 
by increased acidification of upper digestive tract, 
and the wet fermented feed prevented infection of 
E. coli, Salmonella and Campylobacter  (Engberg et 
al., 2009). A recent study also indicated that wet 
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feed fermented for longer period of time (before 
feeding) is more functional to birds than the 
dry unfermented feed (Uchewa and Onu, 2012). 
These results indicated that fermentation must 
be completed for a longer time period, which is 
suitable for yielding beneficial and functional molecules. 
Having carefully reviewed all these studies 
a wide range of incubation temperature from 
10 to 40oC, an incubation period from 2 to 72 h, 
and a feed : water ratio from 1:0.8 to 1:3.5 were 
employed. Best possible conditions which were 
found to be suitable for fermenting cereal grains 
were: a feed : water ratio ranging from 1:1 to 
1:2 giving a 50 to 70% of water content of the 
fermentation mixture; a 30 to 40oC fermentation 
temperature;  a pH of final product below 5.0 and 
a maximum 8 h of incubation time. For instance, 
Carlson and Poulsen (2003) reported that phytate 
was degraded up to 80% by a 8 h of fermentation 
at 10 or 20 0C; with a greatest degradation rate at 
20oC. Increasing temperature to 38oC comparable 
degradation values were obtained within 2 hours. 
Fermentation was shown to increase acidification 
in the foregut of digestive tract (Lopez et al., 2001; 
Heres et al., 2004; Moran et al., 2006; Engberg 
et al., 2009; Missotten et al., 2009 and2013), to 
increase DL-lactic acid both in feed and digesta 
(Heres et al., 2003; Sargin and Goksungur, 2007; 
Missotten et al., 2009 and 2013) and to form a 
barrier with increased Lactobacillus population 
against infections with pathogens, e.g., E. coli, 
Salmonella and Campylobacter (Burnell et al., 
1988; Van Winsen et al., 2001; Heres et al., 2004; 
Hu et al., 2008; Engberg et al., 2009; Missotten et 
al., 2009; Chen et al., 2013). 
Improved animal performance (Skrede et 
al., 2003; Chen et al., 2009) was associated with 
reduced water soluble anti-nutritional substances 
(Lopez et al., 2001; Skrede et al., 2001; Chen et al., 
2013), fortified feed nutrients (Nasi et al., 1995; 
Carlson and Poulsen, 2003; Joshi and Devender, 
2006; Oluseyi et al., 2008; Hossain et al., 2009; Chen 
et al., 2013; Esmaeilipour et al., 2013) and activated 
endogenous enzymes (Jørgensen et al., 2010; 
Dhillon et al., 2012; Carlson and Poulsen, 2003). 
Various fermentation processes (Canibe et al., 
2007; Engberg et al., 2009; Jørgensen et al., 2010; 
Uchewa and Onu 2012) were studied to test the 
effects of the addition of yeast (Lopez et al., 2001; 
Leenhardt et al., 2005; Chen et al., 2013), bacteria 
(Van Winsen et al., 2001; Skrede et al., 2001 and 
2003; Moran et al., 2006; Missotten et al., 2009; 
Chiang et al., 2010; Sholly et al., 2011; Missotten et 
al., 2013) and other biologically active agents from 
industrial waste products (Filler, 2007; Sargin and 
Goksungur 2007; Hossain et al., 2009 and Dhillon 
et al., 2012).  In contrast to using such fermenting 
agents we preferred to ferment the cereal grains in 
natural products, such as in liquid whey. In the part 
some studies involved in testing natural products 
for fermentation purpose. The use of fermented 
plant products enhanced broiler performance 
(Lokaewmanee et al., 2012) and reduced in vitro 
oxidative stress (Ashida et al., 2002 and 2006). 
Similar effects were obtained with fermented 
garlic powder (Ao et al., 2011) and with kefir (Cho 
et al., 2013). The animals retained more nitrogen 
and phosphorous from the feed fermented in 
liquid whey rather water (Nasi et al., 1995). This 
was speculated to be due to the lowered gut pH 
and increased weight gain (Burnell et al., 1988). 
The purpose of using copper sulphate (up to 250 
ppm) was to inhibit pathogenic bacteria counts in 
the media (Højberg et al., 2005). Fermented fruit 
pomace was shown to have various added values, 
mainly increasing acidification and prevention of 
growth of pathogenic bacteria (Heres et al., 2004; 
Joshi and Devender, 2006; Albores et al., 2009; 
Dhillon et al., 2012; Esmaeilipour et al., 2013). 
Therefore, we intentionally decided to ferment 
cereal grains in liquid whey together with the use 
of citrus pomace as acidifying agent and copper 
sulphate for mold prevention. 
No studies were reported to test the above 
mentioned fermentation conditions by using 
liquid whey rather than water, and citrus pomace. 
Two experiments were designed to replace all 
corn grain in the quail diets only with properly 
dried form (not wet) fermented wheat, barley 
and oats grains. The objective of the present study 
was, therefore, to compare fattening performance 
of quails fed on a control diet containing 60% 
non-fermented corn grain with the diets of dry 
forms of fermented wheat, barley or oats grains, 
respectively. 
MATERIAL AND METHODS
Fermentation process. Fermentation unit is 
designed and manufactured for this study by Patpat 
Osman, Ltd, Isparta Turkey. The temperature in 
fermentation chamber is controlled with heating 
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up the circulated water to maintain a desirable 
incubation temperature in the chamber. A rotating 
mixer is vertically fixed into the center of chamber 
to provide a continuous rotation of materials 
at various speeds from 7 to 30 rpm (rotation 
per minute). The heated airflow by an electrical 
heater is directed into the fermentation chamber 
by a motor fan, which is additionally mounted 
on the top lid for the purpose of efficient drying 
after fermentation. The entire unit is attached to a 
main carcass, which has a maneuver allowing for 
loading and unloading. The unit was controlled by a semi-automated panel. 
All dietary ingredients including grains were 
bought locally from Abalioglu feed mill, Denizli, 
Turkey. Fresh whey product was daily obtained 
from Kinali Sut Ltd., Isparta, Turkey. Citrus pomace 
was obtained from a manufacturer located in 
Antalya, Turkey and kept frozen until the day of 
fermentation. Cereal grains were ground to pass 
3.5 mm sieve before the fermentation. 
One part of wheat grain required one part of 
whey (w/w) to provide a porridge-like consistency 
for proper fermentation. Similarly one part of 
barley required 1.1 part of whey (w/w) while 1 
part of oats required 1.2 part of whey (w/w). An 
amount of 250 ppm copper sulphate was added to 
all the mixture during the fermentation to prevent 
the growth of mold. In order to prevent a highly 
viscous and sticky end product the mixture was 
mixed for 5 min at the slowest rotation of 7 rpm 
during the 0, 1st, 2nd, 4th and 8th hours of incubation 
period. The pH of fermenting mixture was 
accordingly monitored at these hours and adjusted 
by adding of sufficient amount of citrus pomace to reach a pH below 5.0 at the end of process. The 
final amount of citrus pomace needed for the pH 
below 5.0 was 1.0% for wheat, 1% for barley and 
2.3% for oats, respectively. 
The pH values of fermented wheat, barley 
and oats products were 5.3, 5.1 and 5.2 at 1st 
hour of incubation period and were 4.2, 4.5 and 4.5 at 8th hours of incubation period, respectively. 
The interior temperature of fermentation unit 
was monitored by a thermometer mounted at 
the top lid of the fermenter, whereas the water 
temperature was monitored independently by another thermometer attached to the lateral part 
of the water-circulating chamber. 
The fermentation unit is run for 1 h by heating-
up water before the fermentation process begins. 
During the entire period of fermentation the 
temperature of heated water was ranged from 45 to 52oC, the temperature of fermentation chamber 
was ranged from 33 to 40oC and the temperature 
of fermenting products during pH measurement 
was ranged from 30 to 39oC. The final product was 
unloaded and spread onto a clean flat table in a 
room in a thickness of 5 cm layer and left for drying 
at room temperature for 24 h during which the 
mixture was frequently turned up side down by a 
hand scraper. When the moisture content reached 
to 25% the mixture was subjected to further rotary 
drying process at highest rotation of 30 rpm for 2 
hours at highest temperature of 60-70oC to reach 
the moisture content below 12%. The moisturized 
air was forced to leave the fermenter via a filter 
located at the top lid. The final products were then 
cooled down and ground to pass 5 mm sieve before their inclusion in the experimental diets.
Diet formulation. One control diet based on 
non-fermented corn grain and three experimental 
diets based on dry forms of fermented wheat, 
barley and oats grains (Tab.1) were formulated 
with soybean meal and fish meal to meet the 
nutrient requirements of growing quails chicks 
from hatching to 35 d-old, according to NCR (1994). 
All diets were isocaloric and isonitrogenous. Only 
difference between experimental diets was the 
source of cereal grains, the replacement of non-
fermented corn grain was at a rate of 95 to 100% 
with wheat, barley and oats grains fermented in 
whey with citrus pomace. 
Animal trials. Two experiments were con-
duc ted as follow: in experiment 1 the effects of 
fermented cereals were tested from 1-d old to 35-d 
old, whereas in experiment 2 the treatment effects 
were tested only after 21-d old until 35-d old. 
Each diet was offered to 48 chicks in 4 replicated 
cages, each with 12 chicks, giving a total number 
of 192 chicks in experiment 1, whereas each diet 
was offered to 12 chicks in 3 replicated cages, 
each with 4 chicks, giving a total number of 48 
chicks in experiment 2. The chicks were weighed 
and randomly allocated to the cage groups with 
a similar initial body weights (Mean ± standard 
deviation of 8.5±0.3 g/chick in experiment 1 and 
88.3±1.7 g/chick in experiment 2, respectively). 
All the chicks of mixed sex were from a Japanese 
quail population line selected for high body weight 
for 14 generations, and were reared in groups in 
electrically heated battery brooders with wire-
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mesh floor. All the groups were subjected to similar 
management practices (brooding, lighting, feeding 
and watering) throughout the experiments except 
the diets offered. Lighting regime was 24 h and 
brooding temperature gradually decreased from 
34°C during the initial 7 days to 26°C by 21 days of 
age. Water and experimental diets were supplied 
ad libitum. No vaccination was performed. Animals 
used in the experiments were handled and 
managed by the internal guidelines established 
according to EU Directive 2010/63/EU for animal experiments.
Table 1. Composition of quail diets with non-fermented corn grain (CON) or dry fermented wheat (DFW), barley 
(DFB) and oat grains (DFO) (g.kg-1, as fed), formulated according to NRC (1994).
Formulation CON DFW DFB DFO
Corn 600 -- -- --
Wheat - fermented and dried -- 600 -- --
Barley- fermented and dried -- -- 570 --
Oats - fermented and dried -- -- -- 570
Soya bean meal (48% CP) 303 323 240 231,5
Fish meal (68% CP) 70 30 100 100
Vegetable oil -- 20 63 70
Dicalciumphosphate 20 20 20 20
L-Threonine -- -- -- 1,5Sodium chloride 3.5 3.5 3.5 3.5
Vitamin and mineral premixture1 3.5 3.5 3.5 3.5
Total mixture, g/1000 1,000.00 1,000.,00 1,000.00 1,000.00Nutrient composition, 
Dry matter (DM), g/kg 898.00 899.00 905.00 900.5
Crude Protein (CP), g/kg 239.60 241.45 240.90 239.62
Metabolizable energy (ME), MJ/kg 12.25 12.22 12.24 12.24
Calcium, g/kg 8.39 8.10 8.36 8.51
Available Phosphorous, g/kg 5.76 5.10 5.71 5.60
Methionine + cystine, g/kg 8.18 8.30 8.33 8.11
Lysine, g/kg, 1.40 1.40 1.44 1.48
Threonine, g/kg 9.37 9.33 9.42 9.62
Note: 1Each kg of the premix contained: 5,000,000 IU Vitamin A; 750,000 IU Vitamin D3; 25,000 mg Vitamin E; 
2,000 mg Vitamin K3; 2,500 mg Vitamin B1; 5,000 mg Vitamin B2; 2,500 mg Vitamin B6; 30,000 mg Niasin; 
10,000 mg Calcium D-pantothenate; 1,000 mg Folic acid; 100 mg Biotine; 37,500 mg Manganese; 50,000 mg Iron; 
40,000 mg zinc; 7,500 mg Cupper; 250 mg Iodine; 100 mg Cobalt; 100 mg Selenium.
Data collection and statistical analysis. 
Feed intakes (FI) of birds in each group were 
recorded daily, but body weights (BW) were 
measured weekly intervals. Mortality and health 
inspection were monitored daily before and 
after feeding. The feed conversion ratio (FCR) is 
calculated by dividing the amount of consumed 
feed by the gained weight (WG) at a specified 
interval of time. Dressing percentage is calculated 
dividing the carcass weight by live weight and 
multiplying by 100. The length and weight of 
total digestive organs were measured at the end 
of experiments for all birds. Performance data 
and other parameters were analyzed to study 
the effect of dietary treatments using one-way 
analysis of variance, according to Snedecor 
and Cochran (1980). The treatment means for 
studied parameters found significant (P<0.05) in 
one-way analysis of variance were separated for 
significance comparisons using Duncan’s multiple 
range test (Duncan, 1955) at the 1% or 5% level of 
probability. 
RESULTS AND DISCUSSION
Fattening performance (Experiment 1). 
At the age of 7 d FI, BW, WG and FCR of quails 
were significantly (P<0.01) influenced by dietary 
treatments. Birds fed on DFW and CON consumed 
exactly the same amount of feed, but the birds on 
DFW gained more and had better FCR amongst all. 
Birds fed on DFB numerically had highest FI, but 
their FCR was worst because these birds gained 
exactly the same weight as the birds of CON. Birds 
fed on DFO significantly consumed less feed, 
produced less weight and gained less weight, but 
their FCR was better than that of birds fed on DFB 
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and found to be similar with that of birds fed on 
CON (Tab. 2). 
 At the age of 14 d the similar pattern of FI at 
7-d old was seen. BW and GW values of the bird 
fed on CON, DFW and DFB were almost similar, 
except that the birds fed on DFB had significantly 
worsened FCR and the birds fed on DFO had 
significantly lowered BW and WG, compared to 
the birds fed on other diets. But there is still a 
tendency in improved FCR of DFW and DFO fed 
birds and increased WG in DFW fed birds and 
increased FI in DFB fed birds. 
At the age of 21 d the FI was significantly 
(P<0.05) affected by the treatments: the birds fed 
on DFO consumed significantly (P<0.05) less feed, 
compared to the birds fed on CON, DFW and DFB. 
The changes in BW, WG and FCR were not found 
significant (P>0.05) amongst the treatments: the 
birds fed on DFO numerically had better FCR, but 
numerically produced less BW and WG. The birds 
fed on DFW and DFB numerically produced high 
BW and BW compared to the birds fed on CON. This 
showed that the birds fed on DFB and DFO tried 
to compensate for depressed performance at later 
ages. These numerical differences between the 
treatments were, however, found to be significant 
(P<0.05) at later ages (28 and 35 days). Birds fed 
on DFW and DFB consumed identically the same 
amount feed as the birds fed on CON. The birds fed 
on DFB produced numerically higher BW and WG 
than the birds fed on CON, but the difference was 
not significant (P<0.05). All birds on fermented 
diets had significantly higher FCR than the birds 
fed on CON. Significantly (P<0.05) low FI was 
obtained from the birds fed on DFO with better 
FCR than the birds fed on CON. However, BW and 
WG of the birds fed on DFO were insignificantly 
(P>0.05) similar to that of birds fed on CON, but 
being significantly lower than that of birds fed on 
DFW and DFB. At the end of 35 d old, fattening 
performance of quails were significantly (P<0.05) 
improved by the diets containing fermented 
wheat and barley and partially oats (better FCR), 
compared to the diets containing non-fermented 
corn grain (Tab. 2). 
Fattening performance (Experiment 2). 
In experiment 1, it was observed that the birds 
fed on DFB and DFO had sporadic fattening 
performance pattern from 7 to 21 d-old, which 
relatively became regular at later ages, even 
better improvement with the DFB (Tab. 3). This 
might be due the time effect. Thus in experiment 
2 the birds were introduced with the fermented 
feeds starting from the age of 21 d. FI, BW and 
WG were significantly (P<0.05) reduced in the 
birds fed on DFB and DFO; being more significant 
(P<0.05) with the birds of DFO. The birds fed on 
DFW had almost the same fattening performance 
with the birds fed on CON. All the birds had almost 
the same FCR values. These results showed that 
no significant improvements were seen in bird 
performance by the diets of fermented cereal 
grains when the fermented feed is offered from 21 
d-old for 2 weeks. The differences between two 
experiments in fattening performance underlined 
two important aspects. One is that the birds fed on 
fermented wheat from day 0 adapted well to this 
feed and produced good performance, while the 
birds fed on fermented barley and oats from day 
0 started to respond differently, but they tended 
to compensate the growth impairments at later 
ages. The second is that the birds in experiment 2 
did not have enough time to demonstrate the same 
performance pattern as in experiment 1, but it was 
true that the performance is negatively affected by 
the DFB and DFO and could not be compensated at 
later ages due to shortage in feeding period. 
Surely, one of the modes of action of wet feeding 
of cereal grains in poultry is markedly increased FI. 
This was extensively discussed by Yasar and Forbes 
(1999 and 2000), birds fed on wet food gradually 
consumed more feed and gained more weight and 
similarly or efficiently utilized from the wet feed. 
Increased FI by wet feed is not the case with dry 
feeding of fermented grains in this study or with 
13 functional feed additives added to wheat based 
diets, recently studied in Japanese quails (Sarica et 
al., 2009). However, the birds fed on DFW tended 
to consume relatively the same amount of feed as 
the birds fed on CON, with an exception of having 
significantly (P<0.05) better BW, WG and FCR. 
This clearly showed that the fermentation process 
brings about possibly more functional molecules 
to the digestive tract of quails, making effective 
changes in the sites of digestion and absorption. 
Higher carcass yield and longer duodenum 
with DFW diet were, therefore, associated with 
improved fattening performance with fermented 
wheat and partially with fermented barley, and 
with enhanced FCR in the case of fermented oats 
in this study. Fermentation process employed 
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in this study exactly fitted for this purpose and 
made beneficial changes in chemical content and 
physical texture of cereal grains; dramatic drops 
in pH of fermented wheat, barley and oats grains 
were observed in a temperature between 30 and 
40oC within 3rd h of fermentation and stayed stable until 8th h of fermentation period. This result was 
strongly in agreement with similar pH values 
obtained at 30oC during 8th h of fermentation 
period in the work of Carlson and Poulsen (2003). 
Furthermore, they demonstrated a significant 
association between the reduced pH and reduced 
phytate degradation due to increased activity of 
endogenous phytase enzyme and increased lactic 
Table 2. FI, BW, WG and FCR of quails fed on experimental diets from 0 to 35 d-old (experiment 1).
CON DFW DFB DFO *S.E.M. P
At 7d-old
**n 48 48 48 48 -- NS
Initial BW, g/b 8.5a 8.7a 8.3a 8.3a 0.1 NS
FI, g/b 52.5a 52.1a 58.2a 38.0b 2.2 0.0001
BW, g/b 32.5a 35.2b 32.4a 26.5c 0.8 0.001
WG, g/b 24.0a 26.5b 24.1a 18.2c 0.9 0.001
FCR 2.20ab 1.95b 2.42a 2.09b 0.09 0.017
Number of dead bird 3 4 5 3 -- NS
At 14 d-old
FI 146.0a 142.3a 152.2a 112.0b 5.8 0.002
BW 73.5a 74.0a 71.4a 59.6b 2.7 0.009
WG 65.0a 65.3a 63.0a 51.3b 2.7 0.01
FCR 2.25ab 2.17a 2.42b 2.18a 0.07 0.065
Number of dead bird - 1 1 - -- NS
At 21 d-old
FI 250.1a 252.1a 246.8a 195.5b 11.5 0.013
BW 106.3a 114.3a 111.9a 93.7a 6.3 0.10
WG 97.8a 105.6a 103.5a 85.4a 6.4 0.16
FCR 2.55a 2.40ab 2.38ab 2.30b 0.09 0.32
Number of dead bird 1 1 - 1 -- NS
At 28 d-old
FI 353.4a 358.0a 351.5a 291.2b 16.5 0.04
BW 135.5ab 150.7c 146.2bc 124.7a 5.7 0.03
WG 127.0ab 142.0c 137.9bc 116.4a 5.7 0.03
FCR 2.77a 2.50b 2.55b 2.50b 0.08 0.05
At 35 d-old
FI 460.6a 469.2a 461.6a 389.6b 21.4 0.05
Final BW 166.9ab 182.6c 175.5bc 154.1a 6.3 0.04
WG 158.4ab 174.0c 167.2bc 145.8a 6.3 0.04
FCR 2.91a 2.69b 2.75b 2.67b 0.07 0.05
Note: *S.E.M. refers to pooled standard error of the means.**n, refers to the number of total birds in the groups.
a,b,c Mean values bearing different superscripts in the same row differ significantly (P<0.05). 
NS=Non-significant (p > 0.05).
Table 3. FI, BW, WG and FCR of growing quails fed on experimental diets at from 21 to 35 d-old (experiment 2).
CON DFW DFB DFO *S.E.M. P
At 28 d-old
**n 12 12 12 12 -- NS
Initial BW at 21 d-old, 
g/b
87.5a 87.5a 88.9a 88.9a 1.0 0.614
FI, g/b 106.8a 104.8a 93.3ab 83.8b 4.0 0.013
BW, g/b 138.0ab 139.0a 131.0ab 129.1ab 3.0 0.07
WG, g/b 50.5ab 51.5a 42.0ab 40.2b 3.1 0.073
FCR 2.13a 2.04a 2.23a 2.10a 0.07 0.365
At 35 d-old
FI 231.3a 225.8a 200.0b 192.3b 5.4 0.002
Final BW 168.7a 166.3ab 158.6bc 152.4c 2.6 0.008
WG 81.1a 78.8a 69.6b 63.4b 2.6 0.004
FCR 2.85a 2.87a 2.87a 3.03a 0.05 0.161
Note: *S.E.M. refers to pooled standard error of the means.**n. refers to the number of total birds in the groups.
a.b.c Mean values bearing different superscripts in the same row differ significantly (P<0.05). 
NS=Non-significant (P>0.05).
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acid bacteria population due to increased lactic 
acid concentration. Similar chemical changes 
were expected to happen with fermented grains 
in this study although these parameters could not 
be measured. However, many others confirmed 
similar changes (Eeckhout and De Paepe, 1994; 
Jensen and Mikkelsen, 1998; Carlson and Poulsen, 
1999).  
All the changes with fermented feed would 
lead to enhanced nutrient digestibility in animal 
models, as shown by Nasi et al. (1995) with 
increased P digestibility of barley fermented in 
whey for 3 h at 40oC. Industrial waste products 
such as whey and pomace have an added value 
on enhanced fattening performance, both in 
this study and in previous studies (Heres et al., 
2004; Forbes and Shariatmadari, 2005; Joshi and 
Devender, 2006; Albores et al., 2009; Dhillon et al., 
2012; Esmaeilipour et al., 2013). Even, a simple 
water soaking process of cereal grains lead to a 
greater development of intestinal epithelium area 
in broiler chicken (Yasar and Forbes, 1999 and 
2000). Therefore, one could assume significantly 
enhanced fattening performance with DFW and 
DFB could be regulated by an improved functional 
property of cereal grains by this fermentation 
process, which may be responsible for beneficial 
changes in the digestive tract (discussed later). 
In experiment 1, FI increased with DFB and 
decreased with DFO at day 7 would indicate that 
the birds could not be fed with these diets with an 
inclusion rate of 57% barley and 57% oats before 
7 d-old. This might mainly be a possible reason 
for the fact that the birds fed on fermented barley 
at later ages well compensated for a worsened 
FCR and an increased FI which both occurred at 
early ages. However, the birds fed on fermented 
oats did not properly manage to compensate for 
a depressed FI and WG by the end of fattening 
performance, but still having the best FCR during 
the entire fattening period. 
The mechanism by which how an increased 
FI with DFB during first two weeks and a 
depressed FI with DFO happened throughout the 
feeding period can be speculated on either early 
administration of these feeds or on their high 
replacement rate for corn grain in the diet: in the 
case of barley Kianfar et al. (2013) found that the 
inclusion of 40% of barley fermented at above 30oC 
with the feed : water ratio of 1:1.5 with the help 
of Lactobacillus crispatus for 36 h and germinated 
barley at room temperature for 48 h in the diets 
of Japanese quails caused numerical increases in 
FI and significant improvements in WG and FCR. 
The beneficial effects were found to be highly 
correlated with the reduced total dietary fiber, 
NSP (non-starch polysaccharides), and β-glucan 
contents after germination or fermentation, 
especially with their reduced soluble fractions 
(Svihus et al., 1996 and 1997; Skrede et al., 2003) 
and reduced viscosity by soaking (Yasar and 
Forbes, 1999 and 2000) or germinating (Svihus et 
al., 1996 and 1997) in water. Thus, the improved 
performance in quails with fermented barley 
was in agreement with the work of Kianfar et al. 
(2013). Increased FI, particularly during 7 and 14 
d-old with fermented barley in this study would 
be explained by a high inclusion level of fermented 
barley (57%) at very early ages, compared with 
the 40% inclusion of fermented barley in the work 
of Kianfar et al. (2013). An excellent compensation 
ability of birds for BW, WG and FCR at later ages 
can, therefore, be explained by a better utilization 
of nutrient digestibility, as also reported earlier 
(Skrede et al., 2001, 2002 and 2003).  However, 
a slower compensation ability of birds was seen 
for the impaired FI, BW and WG at later ages in 
with fermented oats grain: even these birds had 
significantly better FCR throughout the entire 
fattening period. This could be due to the fact that 
the fermentation process did not completely work 
on the degradation of NSP and its components, 
which have negative effect on the performance, 
particularly on FI in this study, where the inclusion 
rate of fermented oats grain in the quail diets 
was very high (57%). Yasar and Forbes (1999 
and 2000) clearly explained that 60% addition 
of untreated oats grains in broiler diets resulted 
impairments in FI and WG. A slower tendency in 
compensation of FI, WG and GW and better FCR 
values obtained from DFO fed birds in this study 
showed that the fermentation worked on this 
grain, but the inclusion rate was too high for quails 
to overcome the anti-nutritive effects of grain NSPs 
(mentioned earlier).  The reasons for impaired 
performance were simply to due to high levels of 
NSP introduced to the digestive tract when the 
diets contained 60% cereal grains, similar to the 
present case. In addition the fermented oats grain 
required 2.5% citrus pomace compared to 1% in 
DFW and DFB diets, indicating the levels of dietary 
fiber and/or NSP is too high. That is why the quails 
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fed on DFO reduced FI and gained less weight, but 
still converted feed very efficiently to WG. Or one 
could assume that better FCR values may be due 
to the added value of whey and positive effect of 
acidification by citrus pomace, or their combined 
effects. This should be further investigated. 
Furthermore, it was reported that the re pla-
cement of corn grain in quail diets with unfer-
mented wheat grain at the ratio of 25 to 50% 
have a beneficial effect on fattening performance 
(Sethi et al., 2006). Numerically speaking, the 
replacement of corn grain in this study was 100% 
with fermented wheat, barley and oats, started 
from day 0. This would inevitably shade expected 
beneficial effects of fermentation, particularly 
with barley and oats at very early feeding periods. 
Therefore, we recommended feeding the quails 
with fermented cereal grains at later ages, but not 
later than 14 days old, because in experiment 2 no 
significant improvements were reported with the 
birds fed from 21 to 35 d old on fermented grain-
based diets, and even bird’s performance in terms 
of FI and WG was depressed with DFB and DFO. 
Thus, all these results underlined the fact that 
fermented wheat, barley and oats grains could 
replace corn grain in the quail diets at a rate of 97 
to 100% starting as early as possible from 7 d-old, 
only in one condition where the replacement 
rate of corn with fermented oats can be reduced 
to under 50% without causing impaired FI, BW 
and WG. When the fermented cereals grains are 
intended to replace the corn in the quail diet 
starting from day 0, then the rate for barley and 
oats must be reduced to lees than 50% in order 
to prevent sporadic effects on bird’s performance 
during first two weeks.    
Carcass yield and development of digestive 
system. Carcass weights were significantly 
(P<0.05) affected by the treatments in experiment 
1, but not in experiment 2. Significantly (exp 1) 
or numerically (exp 2) heavier carcasses were 
obtained from the birds of DFW, as compared 
with the birds of CON (Tab. 4). Significantly (exp 
1) or numerically (exp 2) lighter carcasses were 
obtained from the birds of DFO, as compared with 
the birds of CON. Significantly (P<0.05) highest 
Table 4. Carcass characteristics and development of digestive tract  of the quails fed on experimental diets at the 
35 d-old (experiment 1)
EXPERIMENT 1 CON DFW DFB DFO *S.E.M Probability
Body weight at 35-d old, g 167.0ab 183.0b 175.5b 154.1a 6.3 0.04
Carcass weight, g 121.4ac 149.3b 135.4ab 113.8c 5.0 0.0001
Dressing percentage, % 73.0a 82.0b 77.0 c 74.0a 0.8 0.005
Whole digestive tract weight, g 22.9a 30.5b 24.4a 27.0c 0.8 0.0001
Whole weight relative to BW, g per 100 g 13.7a 16.7b 13.9a 17.5c 0.1 0.001
Length of whole digestive tract, cm 78.0a 81.3b 72.3c 73.8c 0.9 0.0001
Crop + oesophagus length, cm 2.8a 2.6b 2.6b 2.5b 0.1 0.001
Proventriculus length, cm 1.9a 2.7c 2.3b 2.5c 0.1 0.0001
Gizzard length, cm 2.8a 3.0b 3.0b 3.0b 0.1 0.004
Duodenum length, cm 11.8a 16.0b 12.7b 12.0a 0.2 0.0001
Jejunum length, cm 24.8a 23.8ab 23.0bc 21.3c 0.5 0.0001
Ileum length, cm 25.1a 22.8b 18.0c 20.0d 0.6 0.0001
Caecum length, cm 8.9a 10.5b 10.6b 11.9c 0.4 0.0001
EXPERIMENT 2 CON DFW DFB DFO *S.E.M. Probability
Body weight at 35-d old, g 168.7a 166.3ab 158.6bc 152.4c 2.6 0.008
Carcass weight, g 122.9a 133.7a 112.7a 116.8a 6.9 0.191
Dressing percentage, % 72.8a 80.0b 71.0a 77.0ab 2.8 0.003
Whole digestive tract weight, g 28.9a 28.0a 24.0b 27.7a 0.8 0.003
Whole weight relative to BW, g per 100 g 17.11a 16.80a 15.34b 18.14c 0.29 0.002
Length of whole digestive tract, cm 101.9ab 104.0a 95.0b 100.0ab 2.7 0.15
Crop + esophagus, cm 2.7a 2.9b 2.7a 2.7ab 0.1 0.067Proventriculus, cm 1.8 1.8 1.7 1.7 0.1 0.718
Gizzard, cm 2.8ab 3.0b 2.7a 2.8ab 0.1 0.163
Duodenum, cm 12.2 12.7 11.9 12.2 0.4 0.433
Jejunum, cm 23.2 24.0 22.3 22.8 0.6 0.281Ileum, cm 21.9 23.2 21.6 22.2 0.6 0.317
Caecum, cm 8.5 8.4 7.7 7.7 0.3 0.252
Note: *S.E.M. refers to pooled standard error of the means.
a.b.c Mean values bearing different superscripts in the same row differ significantly (P<0.05).
NS=Non-significant (p > 0.05).
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dressing percentage was obtained from the birds 
of DFW (exp 1); this was followed by the data 
of the birds of DFB, DFO and CON, respectively. 
The differences in dressing percentage between 
the treatments were significant (P<0.05), but 
highest values were obtained from the birds of 
DFW and DFB as compared to that of the CON 
and DFO birds (exp 1). In experiment 2 highest 
dressing percentages were obtained from the 
birds of DFW and DFO, as compared that of CON 
and DFB birds. The weights of whole digestive 
tract were significantly (P<0.05) affected by the 
treatments in both experiments. In experiment 1, 
highest values were obtained from the birds fed 
on DFW and DFO diets, compared with that of the 
birds fed on CON and DFB. In experiment 2 the 
weights of whole digestive tract was significantly 
lower in the birds of DFB, compared to the birds 
fed on CON, DFW and DFB. Similar pattern was 
observed with the relative weights of digestive 
tract in both experiments. Digestive tract of birds 
was significantly (P<0.05) longer in the birds fed 
on DFW, as compared with CON, DFO and DFB fed 
birds in experiment 1. 
In experiment 2, DFW fed birds had significantly 
(P<0.05) longer digestive tract than the birds fed 
on DFB; those fed on CON and DFO had moderate 
length of digestive tract. In experiment 1 the birds 
fed on CON had significantly (P<0.05) longer crop 
and esophagus and significantly (P<0.05) shorter 
length of proventriculus and gizzard than the 
birds fed on other fermented cereal diets. Birds 
fed on DFW had significantly (P<0.05) longer 
duodenum than the birds fed on other remaining 
diets. Length of jejunum and ileum was, however, 
relatively shorter in the birds fed on cereal-
fermented diets than non-fermented corn diet, 
whereas significantly (P<0.05) larger caecum were 
observed with all fermented diets. The changes 
in individual organ length in experiment 2 were, 
however, found not to be significant between the 
treatment groups, except that the gizzard length 
tended to be increased by the feeding of DFW. 
Changes in carcass yield and in weight and 
length of digestive tract by dietary treatments 
obtained from two experiments were well 
reflected in the data of fattening performance of 
quails. This clearly indicated that beneficial effects 
of fermented cereals in bird’s performance can 
only be seen by a feeding continued from day 0 to 
day 35 (perhaps with an exception of first week), 
but not from day 21 to day 35 as the birds did 
not have enough time for adapting their digestive 
tract to the changes made in their diets for a better 
compensation at later ages. Carcass yield was 
significantly (P<0.05) improved when birds fed on 
DFW and DFB in experiment 1, and when birds fed 
on DFW and DFO in experiment 2. All birds fed on 
fermented diets had significantly longer gizzard 
organ, indicating a degree of increased mechanical 
digestion of wheat, barley and oats grains. This 
might be due to the fact that the organ of gizzard 
developed its muscle tissue area for a mechanical 
digestion rather that a acidic digestion because 
it was previously demonstrated that fermenting 
feed greatly increased the level of acidification in 
the fore-gut (Lopez et al., 2001; Heres et al., 2004; 
Moran et al., 2006; Engberg et al., 2009; Missotten 
et al., 2009 and 2013). High inclusion of untreated 
cereal grain in the diets of broiler chicken caused 
increased viscosity (Yasar and Forbes, 1999) and 
increased production of short chain volatile fatty 
acids (Yasar and Forbes, 1998) in lower parts of 
digestive tract (caecum). This might be a reason 
why the length of caecum in the quails of DFO is 
highest. Similarly longer dueodenum seen in the 
birds fed on DFW indicated that the enlargement 
of this organ would possibly provide a greater area 
for digestion and an increased level of digestive 
secretions and enzymes (Carlson and Poulsen, 
2003; Jørgensen et al., 2010; Dhillon et al., 2012), 
thereby allowing an improved nutrient availability 
(Nasi et al., 1995; Carlson and Poulsen, 2003; Joshi 
and Devender, 2006; Oluseyi et al., 2008; Hossain 
et al., 2009; Chen et al., 2013; Esmaeilipour et al., 
2013) for growth. Significantly heavy and long 
digestive organs with fermented cereal grains were 
possibly be a positive response to functional feed 
to provide an animal a healthier state of digestive tract -due to increased lactic acid concentration 
reported earlier (Heres et al., 2003; Missotten et al., 
2009 and 2013) and increased lactic acid bacteria 
population (Burnell et al., 1988; Van Winsen et al., 
2001; Heres et al., 2004; Hu et al., 2008; Engberg et 
al., 2009; Missotten et al., 2009; Chen et al., 2013). 
These would finally be expected to lead an efficient 
digestion and absorption of nutrient for improved 
growth as this study showed improved fattening 
performance associated with a significantly higher 
carcass yield. 
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CONCLUSION 
In conclusion, fermenting wheat, barley and 
oats grain in whey with citrus pomace enhanced the 
nutritive value of these grains in Japanese quails. 
Attention must be paid in very early ages (0-7 
d-old) on birds when fed with the diets contained 
fermented barley and oats; the inclusion rate must 
be lowered to lees than 50% in the quail diets 
or the quails must be fed on these diets starting 
from day 7 in order to allow the birds sufficient 
developments of digestive tract to compensate 
for the negative impacts of NSP. Fermented wheat 
grain and partially barley grain can successfully 
replace the corn grain at a rate of 100% in quail 
diets fed from 0 to 35 day old since these birds 
performed significantly (P<0.05) better than birds 
on the diet contained 60% of unfermented corn. 
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